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[57] ABSTRACT

A 4-aminopyrimidine of the formula (I):

Y —R? (D)
N
=~ " N
(Ry3—A)l |
N )\
N 7 —R!
whercin

A is a bond, C1-4 alkylene or C1-4 oxyalkylenc;

Y 18 a bond, Cl1-4 alkylene, Ci—4 alkylencoxy, Cl-4
alkoxyphcnylene or phenyl(Cl-4)alkylenc;

7. 1s a bond or vinylenc,

R1 is 4--15 membered heterocyclic ring containing once or
(wo nitrogen atom;

R2 is (i) 415 membered heterocyclic ring containing onc
or lwo nitrogen, onc or two of oxygen or onc sullur
atom,

(i1) C4-15 carbocyclic ring,
(ii1) Cl-4 alkoxy,

(iv) hydroxy(C1-4 alkoxy) or
(v) hydroxy;

R3 is (i) 415 membered heterocyclic ring containing onc
or Ltwo nitrogen, onc oxygen, onc sulfur, or onc nitrogen
and onc sulfur atom,

(i1) C4--15 carbocyclic ring,
(111) formula:

CI2=CH(X) -

whercin
X 1s halogen.
(iv) hydrogen,
1is 1 or 2.

and some compounds arce excluded.
and acid addition salts thereof, salts thercof; have inhibitory
citcct on cGMP-PDE, or additionally on TXA2 synthctasc.

38 Claims, No Drawings
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1
4-AMINOPYRIMIDINE, DERIVATIVES

This application is a continuation-in-part of U.S. Scer. No.
08/111,906, filed Aug. 26, 1993, now abandoncd, the entire
disclosurc of which is incorporaicd hercin by reference.

FIELD OF THE INVENTION

The present invention relates to novel 4-aminopyrimidinge
derivatives. More particularly, this invention relates to:

(i) 4-aminopyrimidine derivatives of the following for-

mula (I):
Y —R? (1)
HN”
=" N
(R3—A)l
|
NN A

whercin all of the symbols have the same mcanings as
described hereinafter, and the pharmaccutically accept-
ablc acid addition salts thercof and the pharmaccuti-
cally acceptable salts thercol,

(ii) processes for the preparation thercof,

(iit) inhibitors of cyclic guanosinc 3',5-monophosphatc
phosphodicsterase, or additionally of thromboxanc A2
synthetase containing them, and

(iv) mcthods of prevention and trcatment of mammals,
including humans, by administcring an cilective
amount of the compounds of thc formula (I), the
pharmaccutically acceptable acid addition salts thercof
and the pharmaccutically acceptablc salts thercof to the
paticnt to be treated.

BACKGROUND OF THE INVENTION

Cyclic guanosinc 3',5'-monophosphate (abbreviated as
cGMP hereafter) was found in urine in rats by D. F, Ashman
in 1963. Till now, it has been known that cGMP is distrib-
utcd broadly in tissues of many animals including human
beings. ¢cGMP is biosynthesized from guanosinc triphos-
phate (GTP) by the action of guanylate cyclasc.

cGMP has been experimentally confirmed to have various
physiological activitics. For cxample, ¢cGMP induccs the
relaxation of heart muscle and of smooth muscle. Further, it
is related to the formation of ncuronal synapscs, and it acts
as a trigger of cell proliferation and it induccs the prolifera-
tion of lymphocytc.

cGMP is metabolized to physiologically inactive 5-GMP
by the action of cGMP phosphodicstcrase (abbreviated as
cGMP-PDE hercatter).

Accordingly, the inhibition of thc action of cGMP-PDE is
considered to be useful for the prevention and/or trcatment
of diseases induced by enhancement of the metabolism of
cGMP, such as hypertension, heart failurc, myocardial inf-
arction, angina, atherosclerosis, cardiac edema, pulmonary
hypertension, renal insufficiency, nephrotic cdema, hepatic
edema, asthma, bronchitis, dementia, immunodcficicncy.

On the other hand, thromboxanc A2 (abbreviated as
TXA?2 hereafter) was found as a constitucnt of the arachi-
donate cascade, in platelets by M. Hamberg in 1975, TXA2
is biosynthesized from arachidonic acid released from cell
membrane via prostaglandin G2 and prostaglandin 2, and
rapidly metabolized to inactive thromboxanc B2. TXA?2 is
known to induce platelet aggregation and to contract smooth
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2

musclc, particularly blood vessel muscle and bronchial
muscle. TXA2 synthetase was isolated and purificd [rom
microsomc in platelets.

Accordingly, the inhibition of TXA?2 synthctasc decrcascs
the biosynthesis of TXA2, and is usclul [or the prevention
and/or trcatment of inflammation, hypertcension, thrombosts,
artcriosclerosis, cerebral apoplexy, asthma, myocardial inf-
arction, cardiostenosis, cerebral infarction, ctc.

It is considered that almost any discasc occurs by the
complex interaction of plural mechanisms, Accordingly, the
inhibition of any onc of the plural mechanism may not be
adequatc to treat a discasc. A medicament inhibiling as many
mechanisms as possible, which induce the discase, is con-
sidered to be cllective and ideal.

Hspccially, it is very uscful for the prevention and/or
treatment of discascs induced by platelet aggregation, c.g.
angina pecloris, hcart failurc, pulmonary hyperiension and
various kinds of rcnal discascs to have inhibitory active on
both cGMP PDL and TXA?2 synthetasc.

RELATED ARTS

Up to now, some compounds have been known as cGMP-
PDI inhibitors, for cxamplc,

Zaprinast
O (A)
P
HN | N
|
~ J\ N
N N7
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Furthermore, somc TXA2 synthctasc inhibitors have been
known, for cxamplc,
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Many derivatives containing an imidazole or pyridine ring
as the basic skeleton have been proposed. However, there
appears to be no TXA?2 synthetase inhibitor having both the
said ring and pyrimidine ring.

On the other hand, many compounds having a pyrimidine
ring as the skeleton, which are not known o have inhibitory
activity on cGMP-PDE and/or on TXA?Z synthetase, have
been proposed.

On the other hand, some compounds similar to the present
invention exist. For example, EP-407899 (i.e. U.S. Pat. No.
5,250,530) disclosed that: 4-aminopyrimidine of the formula
(G):

R7s R32 G
~ (©)
R6g
/ N R4s
I
— RSg
R N | \
N
/ R23
Rlg

wherein

Rlg 1is hydrogen, (Cl1-C6)alkyl, (Cl-C4)alkoxy-
(C1-C4)alkyl, and (C3-C7)cycloalkyl-(C1-C4)alkyl,
where the last two radicals can be up to trisubstituted in
the cycloalkyl moiety by (C1-C4)alkyl, or is a group
R7gR&8gN-(C1-C4)alkyl, phenyl, phenoxy-
(C1-C4)alkyl, phenylmercapto-(C1-C4)alkyl, phenyl-
(C1-C4)alkyl and phenoxyphenoxy-(C1-C4)alkyl,
where the last five radicals can be up to trisubstituted in
the phenyl molety by halogen, nitro, cyano,
(Ci-C4jalkyl, (Cl-C4)alkoxy, (Cl1-C4)alkylthio,
(C1-Cd)haloalkyl or (Cl1-C4)haloalkoxy, R2g, R3g
and R4g independently of one another are hydrogen,
(C1-C6)alkyl or phenyl, where the phenyl radical can
be up to ftrisubstituted by halogen, nitro, cyano,
(C1-C4)alkyl, (Cl-C4)alkoxy, (C1-C4)alkylthio,
(Ci-C4)haloalkyl or (Cl1-C4)haloalkoxy, RS5g is
hydrogen, (C1-Cé6)jalkyl, (C3-C7)cycloalkyl or
(C3-C7)cycloalkyl-(C1-C4)alkyl, where the last two
radicals can be up to trisubstituted in the cycloalkyl
moiety by (Cl-C4)alkyl, or (Cl-C4)haloalkyl,
(C1-C4alkoxy, (C1-C 4)alkylthio, (C1-C4)alkoxy-
(Ci1-C4)alkyl, a group R7gR8gN-, (C1-C4)alkylthio-
(C1-C4)aikyl, a group R7gR8gN-(C1-C4)alkyl, halo-
gen, (C2-Cé6)alkenyl, (C2-Co6)alkynyl, phenyl,
phenoxy, phenyl(C1-C4)alkyl, phenoxy(C1-C4)alkyl,
phenylmercapto-(C1-C4)alkyl, phenylmercapto, phe-
nyl-(Cl1-C4)alkoxy or phenyl-(C1-C4)alkylthio,
where the last eight radicals can be up to trisubstituted
in the phenyl moiety by halogen, nitro, cyano,
(C1-C4)alkyl, (C1-C4)aikoxy, (Cl1-C4)haloalkyl or
(C1-C4)haloalkoxy;

R6g 1s hydrogen, (Cl1-C4)alkyl, (Cl1-C4)alkoxy,
(C2-C6)alkenyloxy, (C2-C6)alkynyloxy,
(C1-C4)alkylthio, halogen or phenyl, where the phenyl
radical can be up to trisubstituted by halogen, nitro,
cyano, (C1-C4)alkyl, (C1-C4)alkoxy,
(C1-C4)alkylthio, (C1-C4)haloalkyl or
(C1-C4)haloalkoxy, or R5g and R6g together form a
polymethylene chain of the formula —(CH2)mg with
mg being 3-4 and

R7g and R8g independently of one another are hydrogen,
(C1-Co)alkyl, (C1-C4)alkoxy-(C1-C6)alkyl,
hydroxy-(C1-C6)alkyl, (C1-C4)alkylthio-
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4
(C1-Cé6)alkyl, R9gR10gN-(C1-C6)alkyl,
(C3-Co6)alkenyl, (C3-C6)alkynyl, (C3—C7)cycloalkyl
or (C3—CT7)cycloalkyl-(C1-C4)alkyl, where the last
two radicals can be up to trisubstituted in the cycloalkyl
moiety by (Cl1-C4)alkyl; or are formyl, phenyl or
phenyl-(C1-C4)alkyl, where the last two radicals can
be up to trisubstitued in the phenyl moiety by halogen,
nitro,  cyano, (C1-C4)alkyl, (Cl1-C4)alkoxy,
(C1-C4)alkylthio, (C1-C4)haloalkyl or
(C1-C4)haloalkoxy; or the two radicals R7¢g and R8¢
together with the nitrogen atom to which they are
bonded stand for an unsubstituted or up to tetrasubsti-

tuted 5- to 7-membered, saturated or unsaturated het-
erocycle which has 1 to 3 identical or different hetero
atoms, preferably the hetero atoms nitrogen, oxygen
and/or sulfur, and the substituent (C1-C4)alkyl;

R9¢ and R10g independently of one another are hydro-
gen, (C1-C6)alkyl, (C3-C6)alkenyl, (C3-~C6)alkynyl,
(C3-C7)cycloalkyl or
(C3-C7)cycloalkyl{C1-C4)alkyl, where the last two
radicals can be up to trisubstituted in the cycloalkyl
moiety by (Cl1-C4)alkyl; or are formyl, phenyl,
phenyl(C1-C4)alkyl, where the last two radicals can be
up to trisubstituted in the phenyl moiety by halogen,
nitro,  Cyano, (C1-C4)alkyl, (CI1-C4)alkoxy,
(C1-C4)alkylthio, (C1-C4)haloalkyl Or
(C1-C4)haloalkoxy; |

or the two radicals R9g and R10g together with the
nitrogen atom to which they are bonded stand for an
unsubstituted or up to tetrasubstituted 5- to 7-mem-
bered, saturated or unsaturated heterocycle which has 1]
to 3 identical or different hetero hetero atoms, prefer-
ably the hetero atoms nitrogen, oxygen and/or sulfur,
and the substituent (C1-C4)alkyl;

and the acid addition salts thereof possess fungicidal prop-

erties.
U.S. Pat. No. 4,018,770 disclosed that:

pyridylpyrimidine derivatives of the formula (H):

Rﬁh ~ /Rﬁh (H)

where Qh is 4, 3- or 2-pyridinyl or 4-, 3- or 2-pyridinyl
having one or two lower-alkyl substituents or N-oxide
thereof,

Q'h is hydroxy, halo, hydrazino or amino,

R1h 1s hydrogen, lower-alkyl or cyano, and

R2h is hydrogen, lower-alkyl, hydroxy or halo.

R5h is hydrogen, lower-alkyl or lower-hydroxyalkyl and,

R6h is lower-alkyl or lower-hydroxyalkyl
are useful for anti-allergic agent.
U.S. Pat. No. 3,992,380 disclosed that:

pyrimidine derivatives of the formula (J):

HN/\/ COOR/ )

R% COOR/

wherein Qj is 4(or 3-)pyridinyl or 4(or 3-)pyridinyl hav-
ing one or two lower-alkyl substituents,
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R?2j is hydrogen or lower-alkyl, wherein R7k s aryl sclected [rom phenyl and naphthyl, or
Rj is lower-alkyl. heteroaryl selected from pyridyl, {uryl, thienyl, imida-
is uscful for the intermecdiate of pyrido[2,3-d]pyrimidinc 70lyl, pyrazolyl, triazolyl, thiazolyl, oxazolyl, bcn-
derivative having antibacterial activity. zothiazolyl, benzofuranyl, benzothienyl and quinolyl,
WO 94/07867 disclosed that: ) wherein said aryl and heteroaryl groups may optionally
Compounds of formula (K): be substituted with one or more substitucents, preferably

with from zcro to two substilucents, indcpendently

R N ,,»ng (K) sclected  from  chloro, bromo, (CI1--C6)alkyl,
(C1-Cé6)alkoxy, —S-(C1-C6)alkyl, .50

R Rt 10 (C1-Co)alkyl, —SO2-(C1-Cé6)alkyl and trifluorom-
cthyl, and Y 1s hydrogen, benzyl, acetyl, benzoyl, aryl

x /”\ sclected from phenyl and naphthyl, heteroaryl sclected

R* N R [rom furyl, thicnyl, thiazolyl and oxazolyl, whercin

wherein R1k 1s hydrogen, C13,
(C1-C6)alkyl-S-(C1-C6)alkyl, (C1--Co)alkyl-
SO(C1-C6)alkyl, (C 1-C6)alkyl-SO2-(C1-C6)alkyl,
hydroxy(C1-C6)alkyl dihydroxy-(C1-C6)alkyl,
(C1-C6)alkoxy, (C1-C6)alkoxycarbonyl-
(C1-Cé6)alkyl, aryl sclccted from phenyl and naphthyl,
aryl-(C1-C6)alkyl wherein the aryl moicty is sclected
from phenyl and naphthyl, (1-Cé6)alkoxycarbonylaryl
wherein the aryl moiety is sclected from phenyl and
naphthyl, sclected from phenyl and naphthyl, aryl-
(C1-Cé6)alkoxy whercin the aryl moicty is heteroaryl
sclected from pyridyl, furyl, tctrahydrofuryl, thicnyl,
imidazolyl, pyrazolyl, triazolyl, thiazolyl, oxazolyl,
benzothiazolyl, benzofuranyl, and benzothicnyl; het-
croaryl-(C1-C6)alkyl whercin heteroaryl is defined as
above, or heteroaryl-(C1-Cé6)alkoxy whercin  het-
eroaryl is defined as above, and wherein said aryl and
heteroaryl groups, thc aryl moictics of said aryl-
(C1-Cé6)alkyl, (Cl-Cé6)alkoxycarbonylaryl and aryl-
(C1-Cé6)alkyloxy and the hetcroaryl moicty of said
heteroaryl-(C1-C6)alkyl may optionally be substituted
with onc or morc substitucnts independently sclected
from chloro, bromo, (C1-C6)alkyl, (Cl--C6)alkoxy,
—3-(C1-C6)alkyl, —SO-(C1-Cé6)alkyl, - -SO2-
(C1-C6)alkyl, hydroxy-(Cl1-Cé6)alkyl and trifluorom-
ethyl,

(C1-CO)alkyl,
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said aryl and heclcroaryl groups may optionally be
substitutcd with onc or morc substilucnts indepen-
dently sclected from chloro, bromo, nitro, trifluorom-

cthyl, (C1-Cé6)alkyl, (C1- Cé6)alkoxy,

-=3-(C1-Co)alkyl, —SO-(CI1-C6)alkyl and -—SO2-

(C1-C6)alkyl;

R2k and R3k arc indcpendently sclected from hydrogen,

(C1-C6)alkyl, phenyl and phenyl-(C1-C4)alkyl,
wherein said phenyl and the phenyl moicty ol said
phenyl-(C1-C4)alkyl may optionally be substituted
with onc or more substituents independently sclected
from (C1-C6)alkyl, (C1-C6)alkoxy, chloro, bromo and
(rifluoromethyl;

or R2k and R3k form, togcther with the nitrogen to which

they are attached, a cyclic group sclected from azeti-
dino, pyrrolidino, piperidino, pipcrazino and mor-
pholino, wherein said cyclic group may optionally be
substituted with from zcro to two substituents, inde-
pendently sclected from (C1-Cé6)alkyl, —CONH2,
-—302NH2,  N-(Cl1-Cé4)alkylsulfamoyl,  N,N-di-
(C1-C4)alkylsulfamoyl, (C1-C6)alkoxycarbonyl,
N,N-di-(C1--C4)alkylcarbamoyl,

N-(C1-C4)alkylcarbamoyl, N-phenylcarbamoyl,
(Cl1-Cé6)atkylcarbonyl, phenylcarbonyl, (C1-C6)
alkylsulfonyl, (C1-Cé6)alkylsulfinyl, phcnylsulfonyl,
heteroarylsulfonyl and hetcroarylcarbonyl, whercin the

or R1k is a group of the formula 10 heteroaryl moictics of said heteroarylcarbonyl and het-
W / croatrylsulfonyl arc sclccted form furyl, thicnyl, thiaz-

o olyl, and oxazolyl, and whercin the phenyl moictics of
)—< said phenylcarbonyl, N-phenylcarbamoyl, phenylcar-

Q i bonyl and phenylsulfonyl may optionally be substituted

wherein the dotted line represents an optional double
bond, W, Q, and Z arc indcpendently sclected from
hydrogen, (C1-Cé6)alkyl and trifluoromethyl, phenyl,
furyl, thiazolyl and thienyl, wherein said phenyl, [uryl,
triazolyl, thiazolyl and thicnyl may optionally be sub-
stituted with one or morc substitucnts independently
selected from (C1-Cé6)alkyl, (C1--C6)alkoxy, trifluo-
romethyl and hydroxy;

or R1Kk is a group of the formula —CQO-R6k, whercin Rék
is hydrogen, (C1--C6)alkyl, aryl sclected from phenyl
and naphthyl, or heteroaryl sclected from pyridyl, furyl,
thienyl, imidazolyl, pyrazolyl, triazolyl, thiazolyl,
oxazolyl, benzothiazolyl, benzofuranyl and benzothic-
nyl, wherein said aryl and heteroaryl groups may
optionally be substituted with onc or morc substitucnts
independently selected from chloro, bromo, nitro, tri-
fluoromethyl, (C1-Cé6)alkoxy, -—S-(C1-C6)alkyl,
—30-(C1-C6)alkyl and —SO2-(C1-C6)alkyl;

or R1k is a group of the formula

—CH(R7k}—0—Y,

50
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60

65

with on¢ or morc substitucnts independently sclected
from (C1-C4)alkyl, (C1-C4)alkoxy, chloro, bromo,
nitro, amino, cyano and trifluoromethyl;

R4k is hydrogen, chloro, bromo, cyano, trifluoromethyl,

amino, (C1-C6)alkyl, (C1--Cé)hydroxyalkyl,
(C1--Cé6)alkoxy, phenyl, naphthyl or furyl, wherein said
phenyl, naphthyl and furyl may optionally be substi-
tuted with onc or morc substitucnts independently
sclected  from  chloro  bromo, trifluoromcthyl,
(C1-Cé6)alkyl, (Cl1-Cé6)alkoxy, —S-(C1-C 6)alkyl,
-—50-(C1-Co)alkyl, —SO2-(C1-C6)alkyl and
hydroxy; and

R3k is hydrogen, (C1-Cé)alkyl, (C1--C6)alkoxy, trifluo-

romethyl, (C1-C6)hydroxyalkyl, —S-(C1-C6)alkyl,
- —00-(C 1-C6)alkyl, —S02-(C1-C6)alkyl, phenyl or
furyl, wherein said phenyl and furyl may optionally be
substitutcd with one or more substituents indepen-
dently sclected from chloro, bromo, trifluoromethyl,
(C1-Co)alkyl, (C1-Cé)alkoxy, —SO-(C1-C6)alkyl,
-—502-(C1-C6)alkyl and hydroxy, arc usclul for an
inhibitor of sorbitol dchydrogenase, and also for low-
cring the level of fructose.
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COMPARISON BETWEEN THE RELATED
ARTS AND THE PRESENT INVENTION

Pyridylpyrimidine derivatives of the formula (G), (H) and
(J) and (K) described above as related arts, are disclosed as
antifungal agent, anti-allergy agent, intermediate of antifun-
gal agent, and anti-diabetes agent and/or its complications,
respectively. But, the facts do not suggest that the com-
pounds of the present invention possess inhibitory activity
on cGMP-PDE and/or inhibitory activity on TXA?2 synthe-
sis. The purposes of those inventions and that of the present
invention are different from each other.

On the other hand, from the view point of chemical
structure, compounds of formula (G), (H) and (J) all are
aminopyrimidine which are substituted by pyridine,

But, in the formula (G), disclosure of the substituents
corresponding to R3 of the present invention 1s not specific
for hydrogen, methyl, propyl, isopropyl, halogen and ben-
zyl, which are disclosed specifically.

In the formula (H), the description of the substituent
corresponding to R3 of the present invention is hydrogen
and alkyl, but, only hydrogen is synthesized concretely.

And the compounds of formula (G) have dicarboxylic
acid as necessary factor. So from the view point of chemical
structure, the compounds of formula (G) and the compounds
of the present invention are different.

In the formula (K), disclosure about substituents on the
pyrimidine ring corresponding to R1, R2 and R3 of the
present invention are not specific but for only 4-piperidi-
nylpyrimidines, which are disclosed specifically. These
compounds are R4k and R5k are hydrogen, R1 k is methyl
or hydroxymethyl, and R2k and R3k are taken together
piperidine ring in the formula (K). These compounds are
outside of our invention.

PURPOSE OF THE INVENTION

Energetic investigation has been carried out in order to
discover compounds having inhibitory activities on cGMP-
PDE or additionally TXA?2 synthetase, and as a result, the
present inventors have found the compound of formula (I) of
the present invention.

SUMMARY OF THE INVENTION

The present invention is related to:
(i) A 4-aminopyrimidine derivative of the formula (I):

HN/,Y—RZ ¢,
ZZ
(R3—A)l
|
NN
wherein A is a bond, C1-4 alkylene or C1-4 oxyalky-
lene;

Y is a bond, C1-4 alkylene, C1-4 alkyleneoxy, Cl1-4
alkoxyphenylene or phenyl(C1-4 )alkylene;

Z is a bond or vinylene;

R1 is 4-15 membered heterocyclic ring containing one or
{wo nitrogen atom,;

R2 is (i) 4-15 membered heterocyclic ring containing one
or two nitrogen, one or two of oxygen or one sulfur
atom,

(i) C4-5 carbocyclic ring,
(iii) C1-4 alkoxy,
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8

(iv) hydroxy(C1-4 alkoxy) or
(v) hydroxy;

R3 is (i) 4-15 membered heterocyclic ring containing one
or two nitrogen, one oxygen, one sulfur, or one nitrogen
and one sulfur atom,

(ii) C4-15 carbocyclic ring,
(iii) a group of formula:

CH2=CH(X)—

wherein X is halogen.
(1v) hydrogen.

Iis 1 or 2.

With the proviso that: the ring represented by R1 may be
substituted by one or two of Cl-4 alkyl, Cl1-4 alkoxy,
halogen, trifftuoromethyl or nitro. The ring represented by R2
may be substituted by one or two of Cl1—4 alkyl, C1-4
alkoxy, halogen, trifluoromethyl, nitro or a group of formula:

—COORI10

wherein R10 is hydrogen or C1-4 alkyl.

The ring represented by R3 may be substituted by one or
two of C1-4 alkyl, C1-4 alkoxy, halogen, trifluoromethyl,
nitro, cyano, ethynyl or a group of formula:

—SONR7RSE

wherein R7 and R8 is independently hydrogen or C1-4
alkyl.

With the proviso that, R2 is not hydroxy when Y 1s a bond;
R1 is not bonded through its nitrogen atom when Z is

vinylene.
And compounds of the following formula:

wherein RAA is methyl or n-propyl;

RBB is cyclopentyl, cyclohexyl, 2-hydroxyethyl, meth-
oxyethyl, 2-(1-piperidinyl)ethyl, or phenyl or benzyl
which may be substituted by 1 or 2 of methyl, methoxy,
chloro, nitro, trifluoromethyl;

RCC is hydrogen or methyl;
RDD is methyl or n-propyl, isopropyl or benzyi;

REE is hydrogen or methyl.
and a compound of formula:

HN/\/OH

are not included.



5,525,604

9

and pharmaccutically acceptablc acid addition salts

thereof and pharmaceutically acceptable salts thercof,

(ii) processes for the preparation thercof,

(iii) inhibitors of cyclic guanosinc 3',5'-monophosphatc
phosphodicsterase, or additionally of thromboxanc
A2 synthctase containing them, and

(iv) mcthods of prevention and trcatment of mammals,
including humans, by administering an cllective
amount of the compounds of th¢ formula (I), the
pharmaccutically acceptable acid addition salts
thercof and the pharmaccutically acceptable salis
thereof to the paticnt to be (reated.

In the formula (I), 4-15 mcmbered heterocyclic ring
containing onc or two nitrogen atom represented by R1, R2
and R3 may be saturated or unsaturated onc, for cxample,
pyrrole, pyridine, azepinge, imidazole, pyrazole, pyrimidine,
pyrazine, pyridazine, benzimidazole, quinoling, isoquino-
line and partially or fully saturated rings thercol. |

As R1, 1-imidazolyl, 1-benzimidazolyl and 3-pyridyl arc
morc preferablc.

In the formula (I), 4-15 mcmbcred heterocyclic ring
containing onc or two oxygen atom represented by R2 may
be saturated or unsaturatcd one, for cxample, furan, pyran,
dioxole, dioxine, benzofuran, benzopyran, benzodioxole,
benzdioxine and partially or fully saturated rings thercof.

In the formula (I), 4-15 membered hetcrocyclic rings
containing on¢ oxygen atom representcd by R3 may be
saturated or unsaturated one, for for cxample, furan, pyran,
benzofuran, benzopyran and partially or {ully saturated rings
thercol.

In the formula (I), 4-15 mcmbered heterocyclic ring
containing onc sulfur atom represcnted by R2 and R3 may
be saturated or unsaturated onc, [or cxample, thiophene,
thioine (thiopyran), benzothiophenc, benzothione (benzothi-
opyran) and partially or fully saturatcd rings thereof.

In the formula (I), 4-15 membered heterocyclic rings
containing onc nitrogen atom and onc sulfur atom repre-
sentcd by R3 may be saturatcd or unsaturated one, for
examplc, thiazole, isothiazole, thiazine, benzothiazole, ben-
zoisothiazole, benzothiazine and partially or fully saturated
rings thercof.

In the formula (I), 4-15 membered carbocyclic rings
represented by R2 and R3 may be saturated or unsaturated
one, for example, cyclopentene, benzene, cycloheptenc,
indene, naphthalene and partially or {ully saturatcd rings
thereof.

In the formula (I), C14 alkyl represented by R7, R8, R9
and in R1, R2 and R3 means mcthyl, cthyl, propyl, butyl and
isomcrs thereof.,

In the formula (I), C1-4 alkoxy in R1, R2 and R3 or
represented by R2 means methoxy, cthoxy, propyloxy,
butoxy and isomers thercof.

In the formula (I), halogen in R1, R2 and R3 mcans
fluorine, chlorine, bromine and iodine.

alkylencoxy, C1-4 oxyalkylenc or phenyl(Cl—4)alkylenc
represented by A and Y means methylenc, cthylene, trim-
ethylene, tetramethylene and isomers thercol.

In the formula (I}, alkoxy in Cl1-4 alkoxyphenylenc
represented by Y means methoxy, ethoxy, propyloxy, butoxy
and isomers thereof. Preferred compounds
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Prcfcrable compounds included in the present invention
arc the following compounds and cxample compounds:

__Preferable Compounds (1)

[N 0>
s 7~ N 0
(R3—A)I
I
6 -
N A~
(R3—A)— 5 or 6-position substitucnt(s)
H—
Mc¢ —
diMce -
1t —
] C/\
AN MO X
()/\
/:\ N
‘\‘.‘
N Py N\ \'
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~continued

Preferable Compounds (2)

I—IN/\/ 0\/\ OH
5 / N
(R3—A)I
|
6 N
S NSNS

(R3—A)— 5 or 6-position substituent(s)
H ———
Me —
diMe —

epien
e
chel
Xy 2
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(R3—A)I—

Me —
diMe —
Et—

12

-continued

Preferable Compounds (3)
N - 0N
s & N
(R3—A)I !
TS N )\N S N

\—/

5 or 6-position substituent(s)

M

C

ST
s
L
AN

'

N7 N
\___/

o
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~continucd -continucd
Preferable Compounds (4) Preferable Compounds (5)

HN ‘ \ s

5 / N /

(R3—A)I
|
o L PN
AN S

- 10

(R3—A)— 5 or 6-position subslitucnt(s)

(R3—A)l— 5 or 6-position substitucnt(s)

60

65
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~continued -continued
Preferable Compounds (6) Preferable Compounds (7)
N " on -
5 / N
(R3—A)I
5 Lose |
N [N
’ 10
.-f'
N
(R3I—A)— 5 or 6-position substituent(s) | (R3—A)— 5 or 6-position substituent(s)
H — H—
Me — 15 Me —
diMe — diMe —

: SN

Mc\@/\ CI@\O/\ M\@\ c1\©\

30

\\

60

65
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-continucd

~ Preferable Compounds (8)

HN | AN
5 )\ N /
Ry—NI——
6 L
R
N l X
o
N
(R3—A)— 5 or 6-position substituent(s)
H._...
Mg —
diMe —
Et —
X MeO” Xy
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~continucd

_ Preferable Compounds (9)

11N/\| AN 0>
5 / - N / 0
(Ry—A)!
I
6 N
N )\N ~ N
(R3 — Al — 5 or 6-position substituent(s)
IH—
Mc —

Jit —
O/\ McO

o0
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-continued -continued
Preferable Compounds (10) Preferable Compounds (11)
O
IN. S "on - HNT S TN
s = N 5 & N
(R3—A)L (R3—A)I
| i
6 L PN 6 L P
N )\ N ™~ N N /I\ N - N
10
(R3— A} — 5 or 6-position substituent(s) 15 (R3—A)— 5 or 6-position substituent(s)
H —
S ME —
e— diMe —
Et—

20

e o
MeO MeO X
@\ 25
07 >
Cl :

e
2ethe!
e foe)

S TS S 0

45

50

NN N NZ N

35

\—/
L CI» [ CI»




21

-continucd

Preferable Compounds (12)

HN
s T N
(R3—A)l
6 L /Il\ N
N N N

5 or 6-position substilucnt(s)

5,525,604
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-continucd

Prefcrable Compounds (13)

(R3— AN

10

15 Me ~—

60

65
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-continued -continued
Preferable Compounds (14) Preferable Compounds (15)

O

HN. S~ > O0H .

10
(R3—A)— 5 or 6-position substituent(s)
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N
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60
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~continucd

Preferable Compounds (16)

N S X

5/]\1‘4'
;N

AN
=

) 4

5 or 6-position substitucnt(s)

Salts and Acid addition salts

The compounds of the formula (1), if desired, may be
convened into acid addition salts by known mcthods. Prcf-
crably, acid addition salts are non-toxic and water-solublc.
The suitable acid addition salts are, for example, salts of an
inorganic acid such as hydrochloric acid, hydrobromic acid,
hydroiodic acid, sulfuric acid, phosphoric acid, nitric acid,
or an organic acid such as acctic acid, lactic acid, tartaric
acid, benzoic acid, citric acid, methancsulfonic acid, cthanc-
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sulfonic acid, benzencsulfonic acid, toluencsulfonic acid,
iscthionic acid, glucuronic acid and gluconic acid. Prelcr-
ablc salt 1s hydrochloride.

The compounds of the formula (1), if desired, may be
convened into salts by known mcthods. Preferable, salts arc
non-toxic salts and watcr-soluble. The suitable salts are salts
of alkalinc metal (sodium, potassium ctc.), salts of alkalinc
carth mctal (calcium, magncsium ctc.), ammonium salts,
salts of pharmaccutically acceptable organic aminc (letram-
cthylammonium, tricthylamine, methylamine, dimethy-
lamine, cyclopentylamine, phenylmethylamine, phencthy-
lamine, piperidine, monocthanolaminge,. dicthanolaming,
tris(hydroxymethyl)methylamine, lysine, arginine, N-mc-
thyl-D-glucaminge ctc.).

Throughout the specification including claims, it may be
casily understood by thosc skilled in the ar(, that the alkyl,
alkoxy, alkylene, alkenylene groups include straight-chained
and also branchcd-chaincd oncs. Accordingly, all isomers
produccd by the difference in sterco configuration, such as
asymmclric carbons arc included in the present invention,
Process for the Preparations

Among the compounds of the present invention of the
formula (1), compounds wherein 7 is a bond and R1 is a
heterocyclic ring bondced (o the pyrimidine ring through its
nitrogen atom of formula (IA);

Y —R?
NN

Z R

EN

N Rlﬂ

(IA)

(R3-—A)
-

whercin Rla is as defined for R1 wherein its nitrogen atom
is bonded to the pyrimidine ring and the other symbols arc
the same mcaning as hereinbefore defined.

May be prepared by reacting a compound of formula (11):

Y —R2

(1)
N

(R3—A)!

whercin all symbols are the same meaning as hercinbelore
defined. and a compound of formula (I111):

I Rla (111)

wherein R1a is the same meaning as hercinbefore defined.

The rcaction is known, for cxample, 1t may be carricd out
in a proper organic solvent such as a lower alkanol (c.g.
cthanol), tctrahydrofuran or mixture thercof, at a tcmpera-
turc of ambient to reflux, for several hours 1o several days,
at a presence or abscnce of a basc such as tricthylamine,

Among the compounds of the present invention of the
formula (I), compounds wherein 7 is a bond and R1 is a
heterocyclic ring bonded to the pyrimidine ring through its
carbon atom of the formula (IB):

Y —R?

(IB)
HN-"

~ N

A

N R1b

(R3—A)l

whercin R1b is as defined for R1 whercin its carbon atom is
bondcd to the pyrimidine ring and the other symbols are the
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same meaning as hereinbefore defined.
May be prepared by reacting a compound of formula (VII)

(VII)

(R3—A)] I

wherein all symbols are the same meaning as hereinbefore
defined. and a compound of formula (IV)

HN—Y—R?2 (IV)

wherein all symbols are the same meaning as hereinbefore
defined.

The reaction is known, for exampie, it may be carried out
in a proper organic solvent such as a lower alkanol (e.g.
ethanol), tetrahydrofuran or mixture thereof, at a tempera-
ture of ambient to reflux, for several hours to several days,
at a presence or absence of a base such as triethylamine.

Among the compounds of the present invention of the
formula (I), compounds wherein Z is vinylene and R1 1s a
heterocyclic ring bonded to the pyrnimidine ring through its
nitrogen atom of the formula (IC):

/,Y—-—-Rz
HN

=" T N

(R3—A)] |
— N )\/\Rw

wherein all symbols are the sa
defined.

(1C)

e meaning as hereinbefore

May be prepared by reacting a compound of formula (XIV):
HN/,Y—RZ (XIV)
/\ N
(R3—A)I —; J\

N Me

wherein all symbols are the same meaning as hereinbefore
defined. and a compound of formula (XV):

CHO—RI1b (XV)

wherein all symbols are the same
defined.

1eaning as hereinbefore
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The reaction is known, for exat

ple, it may be carried out
in an organic acid such as acetic acid, trichloroacetic acid
etc., with refluxing.

The compounds of the formula (I), (VII) and (XIV) may
be prepared by a series of reactions depicted in Scheme (A),
(B) and (C), respectively. Wherein X1 is halogen, R10 1s
C1-4 alkyl, R3a is the same meaning as R3 provided that
ethynyl or CH2=C(X)— is protected form, 1.e. trialkylsillyl
and the other symbols are the same meaning as hereinbefore
defined.

Scheme A
1
NH POCI;
(R3a—A)l /& >
N O
H
(VD)
Cl
= N HN—Y —R?
(IV)
30
(R3@—A)l N J\ >
N Cl
(V)
Y —R?
HN”
/ N
(R3a— Al
= /II\
N Cl
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Schqmc 3

0
)‘\ NH,
OR10 M’i\ (X11I)
1b 114
(R} — A); —— H R NaQlit

.
o

(XID)

0 0 NaOClls /

| |
)\NHH X!—CO~—RY

(R¥— AYl —{f- X)) > ®a—A)

S NI NI

(VII)

Scheme C

(RIa—A)l

(X1V)

Among the compounds of thc formula (I), compounds
wherein carboxy group are contained in R2 may be preparced
from compounds wherein alkoxycarbonyl group arc con-
tained in R2 by hydrolysis.

Hydrolysis is known, for examplc, it may be carricd out
in a water miscible organic solvent (cthanol, methanol,
tetrahydrofuran etc.) with an aqucous solution of alkali

(sodium hydroxide, potassium hydroxide ctc.) at 10° C. to
80° C.

> (RI—A)l -

NIl

())\R”’ %ﬂla Cl
(X)

&
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30

O

Nil

N R

(XI)

SOCH or
POC];

V

~ N

(VII)

The compounds of the formula (IB) may also be prepared
by a compound of the formula (I)

Y —R?
nN“"

o
SN

N Cl

uy

(R3—A) —

X

wherein all symbols are the same meaning as hercinbelore
defined. and a compound of formula (XX)

1428 R1b (XX)

wherein all symbols arc the same mcaning as hercinbefore
defined.

The rcaction is known, it may be carricd out, for cxample,
in an inert organic solvent (dimethoxyethane, tetrahydrofu-
ran ctc.) using an aqucous solution of alkali (sodium hydro-
carbonate, sodium hydroxide, potassium hydroxide cte.) and
a catalyst (tctrakis(triphenylphosphinc)palladium cte. with
rcfluxing.

The compounds of formula (111), (IV), (VI), (VII), (IX),
(XID), (XIID), (XV), (XV]) and (XX) arc known pcr sc or
preparcd by known method per sc.

In cach rcaction in the prescent specification, products may
be purificd by conventional manner. For example, it may be
carricd out by distillation at atmospheric or reduced pres-
surc, high performance liquid chromatography, thin laycr
chromatography or column chromatography using silica gel
or magnesium silicate, washing or rccrystallization, Purifi-
cation may bc carricd out after cach rcaction or after a series
of reactions.

Effcct

The compounds of the formula (I), pharmaceutically
acceptable acid addition salts thercof, pharmaccutically
acceptable salts thercof, or hydrates thercof, of the present
invention have an inhibitory cffect on cGMP-PDE, or addi-
tionally on TXA2 synthetase, and are, therefore, useful for
the prevention and/or trcatment of not only discases induced
by cnhancement of the metabolism of ¢cGMP, such as
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hypertension, heart failure, myocardial infarction, angina,
atherosclerosis, cardiac edema, renal insufficiency, nephrotic
edema, hepatic edema, asthma, bronchitis, dementia, immu-
nodeficiency, but also diseases induced by enhancement of
the synthesis of TXA2 such as inflammation, thrombosis,
cerebral apoplexy, asthma, cardiostenosis, cerebral infarc-
tion etc., in mammals, especially in humans.

Especially, it is very useful for the prevention and/or
treatment of heart failure, angina pectoris, pulmonary hyper-
tension, various kinds of renal diseases, hypouresis induced
by heart failure.

The inhibitory efiect on cGMP-PDE, of the compounds of
the present invention were confirmed by screening tests as

described below.
(1) Inhibitory effect on cGMP-PDE

Method

PDE IC was isolated from human platelets according to
standard methods previously described in Lugnier, C. et al.,
Biochem. Pharmacol. 35: 1743, 1986 (incorporated in its
entirety by reference). Typically, connective tissue and
adventitia were removed and 1-2 units of platelets were
suspended in 10 volumes of buffer A (20 mM Tris-HCI, pH
7.5, containing 2 mM magnesium acetate, 1 mM dithiothrei-
tol, and 5 mM Na2EDTA) using a Brinkman polytron. The
proteinase inhibitors leupeptin, pepstatin A, and phenylm-
ethyl-sulfonyl fluoride (PMSF) were also included in this
buffer (final concentration of 100 nM each). The homoge-
nate was centrifuged at 100,000 g for 60 minutes. The
supernatant was then removed and filtered through four
layers of cheesecloth. The supernatant was applied to a
DEAE-trisacryl M column. The column was washed with
several bed volumes of buffer B (20 mM Trnis-HCI, pH 7.3,
containing 2 mM magnesium acetate, 1 mM dithiothreitol,
and proteinase inhibitors) and eluted by two successive
linear NaCl gradients (0.05-0.15M, 300 ml total;
0.15-0.40M, 200 ml total). Five milliliter fractions were
coliected and assayed for cyclic GMP PDE activity.

Phosphodiesterase activity was measured, as described by
Thompson, et al., Adv. Cyclic Nucleotide Res. 10: 69, 1979
(incorporated in its enfirety by reference), in a reaction
medium containing 40 mM Tris-HCl (pH 8.0), 5 mM
MgCl2, and 1 mM dithiothreitol. The concentration of
substrate (3H-cGMP) was 0.2 uM. Compounds of the
present invention were dissolved in dimethyl sulfoxide
(DMSO) at a final concentration of 2.5%. This concentration
of DMSO inhibited enzyme activity by approximately 10%.
The IC50 values (concentration that produced 50% inhibi-
tion of substrate hydrolysis) for the compounds examined
were determined from concentration-response curves in
which concentrations typically ranged from 10-8 to 10-3M
for the less potent inhibitors (half-log increments).
Result

The result is shown in Table 1 below.

TABLE 1

Inhibitory activity on cGMP-PDE

Inhibitory activity

Compounds

Example No. 1C50, (uM)
1 | 21.0
1(a) 38.0
1(c) 2.5
1(d) 1.0
1(e) 13.0
1(f) 3.65
1(g) 3.8
1(h) 0.7
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TABLE 1-continued
Inhibitory activity on cGMP-PDE

Inhibitory activity
IC50, (uM)

3.5
0.78
0.76
35.0
1.25
0.12
0.025
12.5
0.35
0.23
1.0
0.31
20
6.0
2.7
0.061
0.014

Compounds
Example No.

1(i)
1Q)
1(k)

1(1)

1(m)
1(0)
1(p)
1{g)
1(r)

1{t)

1{u)
1(v)
1(w)
1(x)
1{y)

1(z)
1(bb)

(2) Inhibitory effect on TXA2 synthetase
Method

Male Wistar rats were starved ovemnight. 500 pL of
heparinized (10 U/mL) whole blood was collected from
abdominal aorta using polyethylene syringe (needle: 22 or
26 G). The blood freshly drawn from animal was preincu-
bated with 5 uLL Of test compound (concentration 10 pM) at
37° C. Five minutes later, 2.5 uL. of 6 mM of Ca ionophore
A23187 (final concentration of 30 mM) was added into tube,
and incubation mixture was further incubated for 15 mun.
The reaction was terminated by centrifugation of tubes at
12,000 rpm for 2 min. TXB2 content in the supernatant was
determined by EIA as follows.

1 mL of 0.5M glycine-HCI buffer (pH 3.2) was added to
100 uL. of sample. The samples were mixed well and
centrifuged at 1,700 G for 10 min. at 4° C. The extracted
supernatant was applied to a SEP-PAK (registered Trade
Mark) C18 cartridge (Waters Assoc.). After washing with 10
mL of distilied water followed by 10 ml. each of 15%
ethanol and petroleum ether, the sample was eluted with 3
mL of ethyl acetate. The ethyl acetate fraction was evapo-
rated to dryness under gentle N2 stream and the residue was
dissolved in EIA buffer (final volume of 1 mL) following the
addition of 300 mL of 0.01M NaHCO3-NaOH bufter (pH
10.0). EIA for TXB2 was carried out according to a legend
attached to the kit (Chyman Chemical Co., inc.) and calcu-
lated inhibition percent. Overall recovery of TXB2 1n this
extraction procedure was 90%.

Result

TABLE 2

Inhibitory activity on TXA?Z2 synthetase

Inhibitory activity
Inhibition (%) at 10 yM

Compounds
Example No.

1(h) 99
1G) 94
1)) 63
1(n) 90
1(0) 65
1(p) 50
1(q) 100
1(t) 100
1(u) 06
1(v) 100
1(w) 83
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TABLE 2-continucd
Inhibitory activity on TXA?2 synthctasc

Compounds Inhibitory activity

Example No, Inhibition (%) at 10 uM

1(x) 87

1(y) 89

1(bb) 90

2 75
Toxicity

On the other hand, it was confirmed that the acute toxicity
of the compound of the present invention 18 very wceak.
Therefore, the compounds of the present invention may be
considercd to be sufficiently safc and suitable [or pharma-
ceutical usc.

Application for Pharmaccuticals

For the purpose above described, the compounds, of the
formula (I), of the present invention, pharmaccutically
acceptable salts and acid addition salts thercol and hydrates
thereof may bc normally administercd systemically or par-
{ially, usually by oral or parenteral administration,

The doses to be administered arc determined depending
upon age, body weight, symptom, the desircd therapeutic
effect, the route of administration, and the duration of the
treatment ctc. In the human adult, the doscs per person are
generally between 1 mg and 1000 mg, by oral administra-
tion, up to several times per day, and between 1 mg and 100
mg, by parenteral administration up to scveral times per day,
or continuous administration between 1 and 24 hrs. per day

intravenously.

As mentioned above, the doses to be used depend upon
various conditions. Therefore, there are cases in which doscs
lower than or greater than the ranges specificd above may be
used.

Administration of the compounds of the present inven-
tion, may bec as solid compositions, liquid compositions or
other compositions for oral administration, as injcctions,
liniments or suppositories ctc. for parenteral administration.

Solid compositions for oral administration include com-
pressed tablets, pills, capsules, dispcrsible powdcrs, and
granules. Capsules include hard capsules and soft capsulcs.

In such compositions, onec or morc of the active com-
pound(s) is or are, admixed with at lcast onc incrt dilucnt
(such as lactosc, mannitol, glucose, hydroxypropyl cellu-
lose, micro crystalline cellulosc, starch, polyvinylpyrroli-
done, magnesium metasilicate aluminate etc.) The compo-
sitions may also comprise, as is normal practice, additional
substances other than inert diluents: c¢.g. lubricating agents
(such as magnecsium stcarate ctc.), disintegrating agents
(such as cellulose calcium glycolate cte.), stabilizing agents
(such as lactose etc.), and assisting agents for dissolving
(such as glutamic acid, aspartic acid ctc.).

The tablets or pills may, if desired, be coated with film of
gastric or entcric material (such as sugar, gelatin, hydrox-
ypropyl cellulose or hydroxypropylmethyl ccllulosc phtha-
late etc.), or be coated with two or more films. And {urther,
coating may include containment within capsulcs of absorb-
able materials such as gelatin.

Liquid compositions for oral administration include phar-
maceutically-acceptable solutions, cmulsions, suspensions,
syrups and elixirs.

In such compositions, one or morc of the active com-
pound(s) is or arc comprised in inert diluent(s) commonly
used in the art (purified water, cthanol ctc.).

Besides inert diluents, such compositions may also com-
prise adjuvants (such as wetting agents, suspending agents
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clc.), sweetening agents, flavoring agents, perluming agents
and prescrving agents,

Othcr compositions for oral administration includc spray
compositions which may be preparcd by known mcethods
and which comprisc onc or more of the active compound(s).

Spray compositions may comprise additional substances
other than inert diluents: c¢.g. stabilizing agents (sodium
sulfite ctc.), isotonic bufter (sodium chloride, sodium citratce,
citric acid cic.)

For preparation of such spray compositions, [or cxample,
the method described in the U.S. Pat. No. 2,868,091 or
3,095,355 (cach incorporated hercin by refcrence) may be
uscd.

Injections for parenteral administration include sterile
aqucous or non-aqucous solutions, suspensions and cmul-
sions, In such compositions, onc morc of aclive com-
pound(s) is or arc admixcd with at least onc of incrl aqucous
diluent(s) (distilled water for injection, physiological salt
solution ctc.) or inert non-aqucous dilucnt(s)(propylenc gly-
col, polycthylenc glycol, olive oil, cthanol, POLYSOL.-
BATESO (rcgistered trade mark) ctc.).

Injections may comprisc additional other than inert dilu-
cnts: c.g. preserving agents, weltting agents, ecmulsilying
agents, dispersing agents, stabilizing agent (lactosc ctc.),
assisting agents such as assisting agents [or dissolving
(glutamic acid, aspartic acid ctc.).

They may be sterilized for example, by filtration through
a bactleria-rctaining filter, by incorporation of sterilizing
agents in the compositions or by irradiation. They also be
manufacturcd in the form of sterile solid compositions, for
cxample, by [rceze-drying, and which can be dissolved in
sterilec water or some other sterile diluents for injection
immediately before use.

Other compositions for parcnteral administration include
liquids for cxternal usc, and cndermic liniments (ointment
ctc.), suppositorics and pessarics which comprisc onc or
morc of the active compound(s) and may be preparcd by
known methods.

Reference example and Examplces

The following Reference examples and cxamples are
intended to illustrate, but not limit, the present invention, In
Reference cxamples and examples, “mp” shows “melling
point”, Unless otherwise specificd, “NMR” was measurcd in
dimethylsulphoxide-d6 and “IR” was mcasured by the KBr
tablet method, respectively.

Reference example 1

2,4-Dichloro-5-(3-mcthoxyphenyl)methylpyrimidine

Cl
0 N
s N I ‘ N
,--'
X N )\ C1

N,N-dimcthylaniline (1 ml) was added to a mixturc of
5-(3-methoxyphenyl)methyl-1,2,3,4-tctrahydropyrimidin-2,
4-dione (6.2 g)in phosphorous oxychloride (80 ml), The
mixturc was refluxed overnight, After cooling, the mixture
was pourcd into a mixture of ice and water. The mixture was
cxtractcd with chloroform. The extract was dried and evapo-
rated. The residue was purificd by column chromatography
on silica gcl to give the title compound (5.3 g) having the
following physical data: NMR (CDCI3): 63.79 (s, 3H), 4.02
(s, 2H), 6.72 (m, 3H), 7.26 (m, 2H), 8.31 (m, 1H).
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Reference example 2

2-Chloro-4-{2-(2-hydroxyethoxy)ethyl]Jamino-5-(3-
methoxyphenyl)methyl-pyrimidine

N e O~ "on

PN

N Cl

2-(2-Aminoethoxy)ethanol (0.59 g) and triethylamine
(20.5 ml) were added to a solution of the compound pre-
pared in reference example 1 (1.0 g) in ethanol (50 ml). The
mixture was refluxed overnight. The mixture was evapo-
rated. The residue was taken up in chloroform and water.
The oily layer was dried and evaporated to give the title
compound (1.3 g).

EXAMPLE 1

2-(1-Imidazolyl)-4-[2-(2-hydroxyethoxy)ethyl]-

amino-5-(3-methoxy phenyl)methylpyrimidine and
its dihydrochloride
N S " on
O ‘ X N (2HCI)
AN
\—/

A mixture of the compound prepared in reference
example 2 (1.3 g) and imidazole (2.7 g) in ethanol (5 ml) was
heated to 140° C. with removal of ethanol by distillation.
After heating 2.5 hours, the mixture was allowed to cool to
room temperature. The resulting material was taken up in
water. The solution was extracted with chloroform. The
extract was dried and evaporated. The residue was purified
by column chromatography on silica gel to give the title
compound (free base; 0.7 g) having the following physical
data: NMR (CDCI3): 03.66 (m, 8H), 3.78 (s, 3H), 6.78 (m,
3H), 7.28 (t, 1H), 7.68 (s, 1H), 7.82 (s, 1H), 7.96 (s, 1H),
8.54 (s, 1H).

HC in methanol (0.5 ml; 10%) was added to a mixture of
the free base (0.7 g) obtained above in methanol (5 ml). The
solution was evaporated. The resulting material was col-
lected and dried in vacuo to give the title compound (HCI
salt; 0.3 g) having the following physical data:

mp=55°-65° C.; NMR: 63.44.(m, 3H), 3.60 (m, 6H), 3.79
(s, 3H), 3.87 (s, 2H), 6.90 (m, 3H), 7.22 (t, 1H), 7.66 (t, 1H),
7.84 (s, 1H), 8.01 (s, 1H), 8.31 (s, 1H), 9.86 (s, 1H),

By the same procedure as described in reference examples

1 and 2 and example 1, the following compounds were
given.
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EXAMPLE

1(a)

2-(1-Imidazolyl)-4-phenylmethylaminopyrimidine
its dihydrochloride

and

S
| N (2HC)

AN S
o/

free base

mp=140°-142° C.; NMR (CDCl3): 64.63 (d, 1H), 5.50
(brs, 1H), 6.24 (d, 1H), 7.11 (s, 1H), 7.36 (m, SH), 7.82 (s,
1H), 8.12 (d, 1H), 8.54 (s, 1H).
2HC] salt

mp=164° C. (decomposed); NMR:04.71 (m, 2H), 6.70 (d,
1H), 7.21-7.50 (m, 5H), 7.86 (s, 1H), 8.18 (d, 1H), 8.33 (s,
1H), 8.83 (m, 1H), 9.93 (s, 1H).

EXAMPLE 1(b)

2-(1-Imidazolyl)-4-(2-methoxyethyl)aminopyrimidine
and its dihydrochloride

(2HC)

iree base

mp=84°~-85° C.; NMR (CDCIl3): 63.42 (s, 3H), 3.62 (brs,
4H), 5.72 (br, 1H), 6.26 (d, 1H), 7.13 (s, 1H), 7.83 (s, 1H),
8.12 (d, 1H), 8.55 (s, 1H).
2HC salt

mp=167° C.; NMR: 063.29 (s, 3H), 3.52 (m, 2H), 3.64 (m,
2H), 6.68 (d, 1H), 7.86 (s, 1H), 8.13 (d, 1H), 8.34 (s, 1H),
8.42 (m, 1H), 9.93 (s, 1H).

EXAMPLE 1(c)

2-(1-Imidazolyl)-5-ethyl-4-phenylmethylar
dine and its dihydrochloride

Inopyrimi-

(2HC1)

free base
mp=105°-106° C.; NMR: 81.17 (t, 3H), 2.50 (gqd, 2H),
4.67 (d, 2H), 7.02 (s, 1H), 7.13-7.42 (m, SH), 7.76 (s, 1H),
7.93 (s, 1H), 8.00 (t, 1H), 8.37 (s, 1H).
2HC salt |
mp=207°-209° C.; NMR: 61.18 (t, 3H), 2.55 (qd, 2H),
4.78 (d, 2H), 7.18-7.35 (m, 3H), 7.43 (d, 2H), 7.84 (s, 1H),
8.05 (s, 1H), 8.27 (s, 1H), 8.42 (t, 1H), 9.88 (s, 1H).
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EXAMPLE 1(d)

2-(1-Imidazolyl)-5-phenylmethyl-4-phenylmethylami-
nopyrimidine and its dihydrochloride

5
HN =
l |
~ON
| )\ (2HC1)
f" o~
N N~ TN 10
\:/
frec basc

mp=167°-169° C.; NMR (CDCI3): 63.83 (s, 2H), 4.62 (d, (5
2H), 5.06 (brs, 1H), 6.95--7.40 (m, 11H1), 7.80 (s, 1H), 8.01
(s, 1H), 8.52 (s, 1H).
2HC salt

mp=172°-175° C.; NMR: 83.96 (s, 2H), 4.74 (m, 2II),
7.15-7.40 (m, 10H), 7.78 (s, 1H), 8.06 (s, 1H), 8.24 (s, 1H), 120
8.28 (m, 1), 9.75 (s, 1H).

EXAMPLE I(c)
25

2-(1-Imidazolyl)-5-methyl-4-phenylmethylaminopyrimi-
dine and its dihydrochloridc

HN
30
~ N
| (21ICH)

A\

35

free basc

mp=155°-158° C.; NMR: 62.08 (s, 3H), 4.68 (d, 2ID),
7.03 (s, 1H), 7.17-7.45 (m, SH), 7.77 (s, 1H), 7.94 (m, 211),
8.39 (s. 1H). 40
2HCI salt |

mp=200°-205° C.; NMR: 02.13 (s, 3H), 4.78 (d, 2II),
7.18-7.49 (m, SH), 7.84 (s, 1H), 8.07 (s, 1H), 8.33 (t, 1I),
9.89 (s, 1H).

45
EXAMPLE 1(f)
2-(1-Imidazolyl)-5,6-dimethyl-4-phenylmcethylaminopy-
rimidine and its dihydrochloridc 50
HN
SN
' )\ (2HCI) 55
N 7 N S N
\—/
free base 60

mp=194°-196° C.; NMR: 62.06 (s, 31), 2.31 (s, 3H), 4.63
(d, 2H), 7.01 (s, 1H), 7.18-7.42 (m, SH), 7.74 (s, 1H), 7.79
(t, 1H), 8.35 (s, 1H).
2HCI sait
mp=175°-240° C.; NMR: 62.11 (s, 3H), 2.37 (s, 3H), 4.74 65
(d, 2H), 7.19-7.48 (m, 6H), 7.82 (s, 1H), 8.15 (t, 1H), 8.23
(s, 1H), 9.82 (s, 1H).

38
EXAMPLE 1(g)

2-(1-Imidazolyl)-5-(3-methoxyphenyl)methyl-4-(2-meth-
oxycthyl)aminopyrimidine and its dihydrochloride

TN
O >
| )\ (211C1)
- N
N N~ TN
[rce basc

mp==111°-113° C.; NMR: 83.25 (s, 311), 3.52 (t, 211), 3.63
(t, 210), 3.74 (s, 311), 3.80 (s, 2H), 6.83 (m, 311), 7.07 (s, 111),

722 (1, 211), 7.30 (1, 1H), 7.84 (s, 1H), 7.89 (s, 1H), 8.47 (s,
111).

2HCI salt

mp=70°-90° C.; NMR: 63.25 (s, 3H), 3.52 (t, 2k), 3.69
(t, 211), 3.74 (s, 311), 3.88 (s, 2I1), 6.88 (m, 3H), 7.23 (t, 111),
172 (t, 1), 7.84 (s, 111), 8.02 (s, 1H), 8.32 (s, 111), 9.88 (s,
111).

EXAMPLE 1(h)

2-(1-Imidazolyl)-5-(4-methoxyphenyl)methyl-4-[ 2-(2-
hydroxycthoxy)cthyl Jaminopyrimidine and its dihydrochlo-
ride

N - "o

(21IC1)

N0 N N N

{rce basc

mp=91°-93° C,; NMR: 03.48 (m, 6H), 3.51 (m, 211), 3.73
(s, 3H), 3.75 (s, 111), 6.90 (d, 21D, 7.06 (s, 1), 7.22 (d, 2H),
7.86 (d, 21D), 8.47 (s, 1H).
21 salt

mp=152°-158° C.; NMR: 03.45 (m, 4H), 3.60-3.70 (m,
4H), 3.72 (s, 311), 3.83 (s, 2H), 6.86 (d, 2H), 7.25 (d, 21),
7.67 (1, 1H), 7.85 (s, 1H), 7.98 (s, 1H), 8.31 (s, 111), 9.88 (s,
1H).

EXAMPLE 1(i)

2-(1-Imidazolyl)-5-(4-methoxyphenyl)methyl-4-(2-meth-
oxycthyl)aminopyrimidinc and its dihydrochloride

Ny - V<
~ N
‘ )\ (2HCY)
- N
O N . N~ TN
free basc

mp=125°-127° C.; NMR: 083.24 (s, 3H), 3.50 (m, 2I),
3.73 (m, 2H), 6.89 (d, 2H), 7.05 (s, 1H), 7.17 (m, 3H), 7.84
(s, 211), 8.46 (s, 1H).
2HCI salt
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mp=148°~155° C.; NMR: 83.24 (s, 3H), 3.51 (1, 2H), 3.68 EXAMPLE 1(m)

(t, 2H), 3.72 (s, 3H), 3.81 (s, 2H), 6.86 (d, 2H), 7.20 (d, 2H), 2-(1-Imidazolyl)-5-(1-chlorovinyl)-4-phenylmethylami-
7.78 (t, 1H), 7.84 (s, 1H), 7.96 (s, 1H), 8.31 (s, 1H), 9.86 (s, nopyrimidine hydrochloride

1H). 5
Cl
~
EXAMPLE 1(j) - | N HCl
2-(1-Imidazolyl ) 4= - ;\ s
-(1- yl)-5-(4-methoxyphenyl)methyl-4-phenyl- ,, N N N
methylaminopyrimidine and its dihydrochloride \___/

mp=97.0°~100.0° C.; NMR: 089.80 (1H, s), 8.42 (1H, 1),

= N s 8.20(1H, s), 8.19 (1H, s), 7.80 (1 H, s), 7.40 (2H, d), 7.30
\ (2HCD) (2H, t), 7.25 (1H, 1), 5.90 (1H, d), 5.88 (1H, d), 4.80 (2H, d).
~ ;\ s
O N N N
\—/ EXAMPLE 1(n)

20 2-(1-Imidazolyl)-5-(2-thienyl)-4-phenylmethylaminopy-

free base rimidine hydrochloride

mp=144°~147° C.; NMR: 83.73 (s, 2H), 3.81 (s, 3H), 4.66
(d, 2H), 6.86 (d, 2H), 7.19 (s, 1H), 7.25 (m, 4H), 7.76 (s,
1H), 7.89 (s, 2H), 8.37 (s, 1H).
2HCI salt 25 S
mp=86° C. (decomposed); NMR: 83.71 (s, 3H), 3.89 (s, N
2H), 4.76 (d, 2H), 6.90 (d, 2H), 7.23 (d, 2H), 7.28 (m, 5H), N
7.67 (s, 1H), 7.83 (s, 1H), 8.03 (s, 1H), 8.26 (s, 1H), 8.29 (t, N N N

1H), 9.84 (s 1H). . \—/

HCl

mp=91.5°-94.0° C.; NMR: 09.85 (1H, s), 8.25 (1H, s),
EXAMPLE 1(k) 8.20 (1H, s), 8.19 (1H, t), 7.82 (1H), 7.80 (1H, d), 7.50-7.15
(7H, m), 4.76 (2H, d)
2-(1-Imidazolyl)-5-phenoxymethyl-4-phenylmethylami-
nopyrimidine dihydrochloride

335

EXAMPLE 1(o)

2-(1-Imidazolyl)-5-(2-thiazolyl)-4-phenylmethylami-
nopyrimidine hydrochloride
0O ™~ 40

1 i e 2HCl / N

45 )\
st A
~ON N~ TN

mp=179.5°-182.0° C.; NMR: 09.92 (1 H, s), 8.60 (1H, 1),
8.35 (1H, s), 8.30 (1H, s), 7.85 (1H, s), 7.50-7.20 (7H, m), \——/
7.10-6.90 (3H, m), 5.10 (2H, s), 4.80 (2H, 4).
50 mp=167.5°-169.0° C.; NMR: 610.20 (1H, t), 9.88 (1H, s),
8.92 (1H, s), 8.34 (1H, s), 8.03 (1H, d), 7.93 (1H, d), 7.82
EXAMPLE 1(1) (1H, s), 7.50-7.20 (5H, m), 5.00 (2H, d).

2-(1-Imidazolyl)-5-(1-imidazolyl)methyl-4-phenylm-
ethylaminopyrimidine | 55 EXAMPLE 1(p)

2-(1-Imidazolyl)-5-(2-thienyl)-4-(1,3-dioxaindan-5-yl)-
methylaminopyrimidine hydrochloride

np=202.4°-204.4° C.; NMR: 88.40 (1H, s), 8.27 (1H, ¢
brt), 8.02 (1H, s), 7.80 (1H, s), 7.77 (1H, s), 7.36-7.15 (6H,
m), 7.03 (1H, s), 6.92 (1H, s), 5.17(2H, s), 4.69 (2H, d).
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mp=100.1°-102.3° C.; NMR: 89.88 (1H, s), 8.32 (1H, s),
8.21 (1H, s), 8.13 (1H, t), 7.84 (1H, s), 7.76 (111, d), 7.36
(1H, d), 7.27 (1H, t), 7.03 (1H, s), 6.95 (111, d), 6.83 ( 111,
d), 5.96 (2H, s), 4.46 (2H, d).

5

EXAMPLE 1(g)

2-(1-Imidazolyl)-5-(2-thienyl)-4-]2-(2-hydroxycthoxy-

)ethyllaminopyrimidine hydrochloride

10
/j\ N S o
S ‘/“‘\“ N

. N %I\N R N 15

mp=127.0°-129.0° C.; NMR: 08.52 (1H, brs), 8.12 (111,
s), 7.87 (1H, brs), 7.70 (1H, d), 7.30 (1H, d), 7.26 -7.03 (3H, %0
m), 4.62-4.53 (1H, m), 3.63 (4H, s), 3.46 (411, s).
EXAMPLE 1(r)

2-(1-Imidazolyl)-5-(2-thicnyl)-4-(1-naphthyl)mcthylami- 25

nopyrimiding
S /L\"‘ N
| HC
. A R
N N N 35

\—/

mp=132.0°-135.0° C.; NMR (CDCI3): §9.36 (111, s),
8.20 (1H, s), 8.09 (1H, s), 8.00~7.80 (3H, m), 7.65-7.50
(2H, m)7.48-7.40 (4H, m), 7.18-7.09 (2H, m), 6.30-6.18 *
(1H, brs), 5.17 (2H, d).

EXAMPLE 1(s)

2-(1-Imidazolyl)-5-(2-thienyl)-4-(4-methoxyphenyl)m- 4
cthylaminopyrimidine hydrochloridc

50

42

mp::167.0°-169.5° C.; NMR (CDCI3): 09.31 (1H, s),
8.17 (1H,s), 8.11 (111, 8), 7.54-7.48 (2L, m), 7.30-7.18 (4H,
m), 6.91 (211, d), 6.28-6.15 (111, brs), 4.67 (211, d), 3.81 (311,

$).
EXAMPLE 1(t)

2-(1-Imidazolyl)-5-(2-thicnyl)-4-(3-mcthoxyphenyl)m-
cthylaminopyrimidine hydrochloride

HCI

mp153.0°156.0° C.; NMR (CDCI3): 89.29 (111, s),
8.19 (111, s), 8.08 (111, s), 7.55-7.47 (21, m), 7.36-7.19
(3H, m), 6.92- 6.83 (311, m), 6.32-6.21 (111, br), 4.72 (211,
d), 3.81 (311, s).

BEXAMPLE 1(u)

2-(1-Imidazolyl)-5-(2-thicnyl)-4-(2-furyl)mcthylami-
nopyrimidine hydrochloride

A

mp-:158.0°-162.5° C.; NMR: 89.96-9.70 (lH, brs),
8.45-8.20 (111, brs), 8.24 (111, s), 8.03 (1, t) 7.88-7.72
(2H, m), 7.56 (111, s), 7.35-7.31 (11, m), 7.28-7.22 (111,
m), 6.38 (211, s), 4.73 (211, d).

EXAMPLE 1(v)

2-(1-Imidazolyl)-5-(2-thicnyl)-4-(2-thienyl)methylami-
nopyrimidine hydrochloridc

136




5,525,604

43
mp=151.5°-153.0° C.; NMR: 09.96-9.75 (1H, brs),
8.46-8.17 (3H, m), 7.87-7.65 (2H, m), 7.39-7.30 (2H, m),
7.30-7.20 (1H, m), 7.16-7.11 (1H, m), 6.98-6.90 (1H, m),
4.90 (2H, d).

EXAMPLE 1(w)

2-(1-Imidazolyl)-5-(2-thienyl)-4-(3-pyridyl)methylami-
nopyrimidine dihydrochlornde

s
HNI - 15

/I\ N . 2HCl
~ o~
N N~ TN

\—/

10

20

mp=165.0°-166.5° C.; NMR: 89.94 (1H, brs), 9.04 (1H,
brs), 8.77 (1H, d), 8.59 (1H, d), 8.40-8.22 (3H, m), 7.96 (1H,
dd), 7.86-7.76 (2H, m), 7.44 (1H, dd)7.28 (1H, dd), 4.94
(2ZH, d).

25
EXAMPLE 1(x)

2-(1-Imidazolyl)-5-(2-thienyl)-4-(2-methoxyethyl)ami- 5,
nopyrimidine hydrochloride

35
HCl

40

mp=139.0°-143.0° C.; NMR: 89.77-9.65 (1H, br), 8.27
(1H, brs), 8.19 (1H, ), 7.76 (2H, d), 7.50~7.38 (1H, m), 7.33
(1H, d), 7.30-7.21 (1H, m), 3.78-3.63 (2H, m), 3.53 (2H, 1),
3.26 (3H, s). 45

EXAMPLE 1(y)

2-(1-Imidazolyl)-5-(2-thienyl)-4-phenylmethoxyami- 50
nopyrimidine hydrochloride

S G 55
S /g N

‘ HCl

. A/’%

N N N 60

mp=155.0° C.; (decomposed) NMR: 611.09 (1H, brs),
9.63 (1H, brs), 8.33 (1H, s), 8.21 (1H, brs), 7.80 (1H, brs), ¢s
7.75 (1H, d), 7.57-7.46 (2H, m), 7.45-7.26 (4H, m),
7.25-7.19 (1H, m), 5.02 (2H, s).

44
EXAMPLE 1(z)

2-(1-Imidazolyl)-5-(2-thienyl)-4-(4-chlorophenyl)methy-
laminopyrimidine hydrochloride

56

-

N
AN S
\ oo /

mp=129.0°-130.5° C.; NMR: 089.96-9.65 (1H, br),
8.40-8.10 (3H, m), 7.77 (2H, dd), 7.46 (2H, d), 7.41-7.31
(3H, m), 7.30-7.23 (1H, m), 4.71 (2H, d).

Cl

H(Cl

EXAMPLE 1(aa)

2-(1-Imidazolyl)-5-(2-thienyl)-4-(3-chlorophenyl)methy-
laminopyrimidine hydrochloride

Cl

B

N
AA
N N~ TN

\—r/

HCl

mp=101.5°-104.0° C.; NMR: 09.92-9.67 (1H, br),
8.36-8.15 (3H, m), 7.77 (2H, dd), 7.50 (1H, s), 7.45-7.23
(5H, m), 4.73 (2H, 4d).

EXAMPLE 1(bb)

2-(1-Imidazolyl)-5-(2-thienyl)-4-(1,3-dioxaindan-5-yl-
ymethylaminopyrimidine hydrochloride

O

AL
— P
AN S

\—/

HCl

mp=119°-123° C.; NMR: 09.83 (1H, brs), 8.32 (1H, brs),
8.07 (1H, s), 7.94 (1H, brt), 7.81 (1H, brs), 7.60-7.40 (5H,
), 7.00 (1H, s), 6.92 (1H, d), 6.82 (1H, d), 5.95 (2H, s),
4.60 (2H, d).

EXAMPLE 1(cc)

2-(1-Imidazolyl)-5-(4-methylphenyl)-4-(1,3-dioxain-
dan-5 -yD)methylaminopyrimidine hydrochloride

~~=" o

S ONPe
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mp=125°-127.4° C.; NMR: 89.84 (111, s), 8.30 ( 111, s),
8.04 (1H, s), 7.90 (1H, ©), 7.82 (111, ), 7.35 (411, s), 7.00
(1H, s), 6.93 (1H, d), 6.82, (1H, d), 5.95 ( 211, s), 4.60 (211,
d), 2.39 (3H, s).

EXAMPLE 1(dd)
2-(1-Imidazolyl)-5-(4-methoxyphenyl)-4-(1,3-dioxain-
dan-5-yl)methylaminopyrimidine hydrochloride

0 10

i

mp=207°-209° C.; NMR: 89.84 (111, s), 8.31 (1H, s), 8.03
(1H, s), 7.90 (1H, t), 7.82 (1H, s), 7.38 (211, d), 7.11 (21, d),
7.00 (1H, s), 6.93 (1H, d), 6.82 (111, d), 5.95 ( 2H, s), 4.59
(2H, d), 3.83 (3H, s).

EXAMPLE 1(cc)

2-(1-Imidazolyl)-5-(5-methyl-2-thicnyl)-4-(1,3-dioxain-
dan-5-yl)methylaminopyrimidine hydrochloride

’\©i> 10

HC]

\____; 35

25

mp=180.5°-181.0° C.; NMR: 89.88-9.66 (1H, brs),
8.32-8.23 (1H, brs), 8.14 (1H, s), 8.12-8.00 (1H, br),

7.86-7.67 (1H, br), 7.18-7.09 (1H, m), 7.07--6.78 (4H, m), 4,
5.93 (2H, s), 4.70-4.54 (2, br), 2.50 (311, s).

EXAMPLE 1(I)

2-(1-Imidazolyl)-5-(2-thicnyl)-4-{4-(1-Imidazolyl)phc-

nyl|methylaminopyrimidine dihydrochloride 45

50

46

mp=173.0°-175.5° C.; NMR: 69.86 (1H, brs), 9.78 (1H,
brs), 8.42--8.20 (311, m), 8.24 (1H, s), 7.92 (111, brs),
7.90-7.65 (611, m), 7.48-7.38 (111, m), 7.38--7.25 (111, m),
4,95 475 (211, m).

EXAMPLE 1(gg)

2-(1-Imidazolyl)-5-(3-pyridyl)-4-(1,3-dioxaindan-5-yl-
ymethylaminopyrimidine dihydrochloride

mp=162.0°-164.5° C.; NMR: 09.96 (1], s), 9.02 (111, s),

20 8.97.8.88 (11, m), 8.56-8.41 (2H, m), 8.36 (111, s), 8.24

(111, s), 8.17-8.03 (11, m), 7.86 (111, s), 7.01 (1H, s), 6.92
(1M, d), 6.82 (111, d), 5.94 (211, s), 4.62 (211, d).

EXAMPLE 1(hh)

2-(1-Imidazolyl)-5-(3-furyl)-4-(1,3-dioxaindan-5-yl)m-
cthylaminopyrimidine hydrochloride

@>

HCL

mp=106.5%-110.0° C.; NMR: §9.80 (1H, brs), 8.28 (111,
s), 8.23 (111, s), 8.12 (11, s), 8.00-7.85 ( 211, m), 7.79 (1H,
s), 7.03 (111, s), 6.98-6.88 (111, m), 6.86-6.72 (211, m), 5.94
(211, 5), 4.64 (2H, d).

EXAMPLE 1(ii)

2-(1-Imidazolyl )-5-(4-chlorophenyl)-4-(1,3-dioxain-
dan-5 -yl)mcthylaminopyrimidine hydrochloride

Cl
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mp=109.6°-111.9° C.; NMR: 09.83 (1H, s), 8.30 (1H, s),
8.08 (1H, s), 8.01 (1H, t), 7.80 (1H, s) 7.60 (2H, d), 7.47
(2H, d), 6.99 (1H, s), 6.92 (2H, d), 6.82 (2H, d), 5.95 ( 2H,
s), 4.59 (2H, d).

EXAMPLE 1(jj)

2-(Benzimidazol-1-y1)-5-(2-thienyl)-4-(1,3-dioxaindan-5
-y)methylaminopyrimidine hydrochloride
10

l
~~ A ~R 15

20

mp=155.1°-157.9° C.; NMR: 09.65 (1H, s), 8.43 (1H, m),
8.26 (1H, s), 8.00 (1H, t), 7.80 (1H, m), 7.75 (1H, d), 7.47
(2H, m), 7.40 (1H, d), 7.28(1H, dd), 7.00 (1H, s), 6.95 (1H, ’s
d), 6.85 (1H, d), 5.96 (2H, s), 4.68 (2H, d).

EXAMPLE 1(kk)

2-(1-Imidazoly})-5-(2-thienyl)-4-(4-ethoxycarbonylphe-

nyl)methylaminopyrimidine hydrochloride 30

35

40
mp=97.0°-101.5° C.; NMR: 089.71 (1H, brs), 8.32-8.18

(3H, m), 7.90 (2H, d), 7.81-7.72 (2H, m), 7.56 (2H, d),
7.43-7.37 (1H, m), 7.32-7.24 (1H, m), 4.80 (2H, d), 4.27 (
2H, q), 1.28 (3H, 0.
45
EXAMPLE 1(11)

2-(1-Imidazolyl)-5-(2-naphthyl)-4-(1,3-dioxaindan-3-yl-
ymethylaminopyrimidine hydrochlionde

“ )
B

A R 55

N N N

50

438

mp=117.5°-121.0° C.; NMR: 09.87-9.77 (1H, br), 8.33
(1H, t), 8.18 (1H, s), 8.08 (2H, d), 8.04-7.94 (3H, m), 7.81
(1H, br), 7.64-7.50 (3H, m), 6.99 (1H, s), 6.92 (1H, d), 6.82
( 1H, d), 5.94 (2H, s), 4.60 (2H, d).

EXAMPLE 1(mm)

2-(2-Methyl-1-Imidazolyl)-5-(2-thienyl)-4-(1,3-dioxain-
dan-5-yl)methylaminopyrimidine hydrochloride

1.0

N Me

1A
|\/N HCI

mp=214.0°-215.5° C.; NMR: 08.25 (1H, s), 8.18 (1H, d),
8.10 (1H, t), 7.77 (1H, d), 7.70 (1H, d), 7.40 (1H, d),
7.28(1H, dd), 6.94 (1H, s), 6.84 (2H, s), 5.97 (2H, s), 4.58
( 2H, 4d). -

N

EXAMPLE 1(nn)

2-(1-Imidazolyl)-5-(2-thienyl)-4-(benzimidazol-5-yl)m-
ethylaminopyrimidine

H
N
)
=~ N N

NAN/\\N
S~

mp=65.0°-70.0° C.; NMR(CDCI3): 08.56 (1H, brs), 8.10
(1H,s), 8.08 (1H, brs), 7.65-7.58 (2H, m), 7.39 (1H, dd),
7.29-7.20 (1H, m), 7.17-7.08 (3H, m), 6.12 (1H, br), 4.82
( 2H, 4).

EXAMPLE 1(00)

2-(1-Imidazolyl)-5-(3-pyridyl)-4-phenylmethylaminopy-
rimidine dihydrochloride
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mp=184.5°-187.1° C.; NMR 89.97 (1], s), 9.06 (111, s),
8.96 (1H, d), 8.57 (2H, d), 8.34 (111, s), 8.27 (111, s), 8.13
(1H, 1), 7.87 (1H, 5), 7.43 (2H, d), 7.30 (311, m), 4.75 ( 211,
d).

EXAMPLE 2

2-(3-Pyridyl)-5-(2-thicnyl)-4-(1,3-dioxaindan-5-yl)m-
cthylaminopyrimidine hydrochloride

| HC]

2-Chloro-3-(2-thienyl)-4-(1,3-dioxaindan-5-yl)methy-

laminopyrimidine (340 mg; prcparcd by the same procedure
described in reference example 1 and 2) and tetra(triph-
enylphosphinc)palladium (35 mg) were suspended into
dimethoxyethanc. In an atmosphere of argon, dicthyl(3-
pyridyl)boron (165 ml) and a 1N aqucous solution of sodium
hydrocarbonate (2.5 ml) were added to the suspension and
the mixture was refluxed for 6 hrs. The reaction mixiure was
cooled and evaporated. The concentrated solution was
extracted with a mixture of ethyl acctatc and mcthylenc
chloride. The organic layer was washed with water and a
saturated brine, dricd over anhydrous sodium sulfate and
cvaporated. The residue was purificd by column chroma-
tography on silica gel. The product was dissolved into a
mixt{ure of chloroform and methanol, To thc solution, 4N
hydrochloride/cthyl acetate (2 ml) was added. 'The mixture
was concentrated to give the title compound having the
following physical data.

mp=114.5°-116.5° C.; NMR: 09.54 (1H, s), 9.18 (1H, d),
9.00 (1H, d), 8.32 (1H, s), 8.20 (1H, brt), 8.10 (111, dd), 7.88
(1H, d), 7.88 (1H, d), 7.43 (1H, d), 7.28 (111, dd), 7.00 (1kI,
s), 6.95 (1H, d), 6.85 (1H, d), 5.95 (2H, s), 4.70 (2L, d).
Reference cxample 3

2-Methyl-5-(2-thienyl)-4-(1,3-dioxaindan-3-yl)-
methylaminopyrimidine

NG

Y

N Me

2-Methyl-5-(2-thienyl)-4-chloropyrimidine (590 mg; pre-
pared by thc same procedurc as described in rclerence
example 1) was dissolved into methylenc chloride (6 ml), To
the solution, (1,3-dioxaindan-5-yl)methylamine (2 ml) was
added. The mixture was refluxed at 50° C. for 2 days. After
reaction, the mixture was extractcd with methylene chloride.
The organic layer was washed with water and an aqucous
saturated solution of ammonium chloride, respectively. The
solution was driecd over anhydrous sodium sulfatc and
evaporated. The residue was washed with ether to give the
title compound.
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EXAMPLE 3

2-[2-(3-PyridyDvinyl]-5-(2-thicnyl)-4-(  1,3-dioxaindan-
5-yD)mcthylaminopyrimidine

HC

2-Mcthyl-5-(2-thicnyl)-4-(1,3-dioxaindan-5-yl)mcthy-
laminopyrimidinc (325 mg; preparced in relerence example
3) and pyridine-3-aldchyde (110 mg) were dissolved into
acctic acid (2 ml). The solution was refluxed for 2 days.
After cooling, cthyl acctlate and a saturated aqucous solution
of sodium bicarbonate werc added to the solution, The oily
laycr was washed with water and a saturatcd aqucous
solution of sodium bicarbonate, respectively, dricd over
anhydrous sodium sulfatc and cvaporated. The residue was
purificd by column chromatography on silica gel. The
obtaincd powder was dissolved in chlorolorm. 4N-hydro-
chloride/cthyl acctate (1 ml) was added to the solution and
the mixture was concentrated to give the title compound
having the following physical data.

mp--159.6°-161.4° C,; NMR: 69.20 (111, s), 8.85 (1H, d),
8.75 (1, d), 8.28 (1H, s), 8.25 (111, d), 8.00 (1H, dd), 7.81
(1H, d), 7.45 (111, d), 7.42 (111, d), 7.40 (111, dd), 7.05(11],
s), 7.00 (211, d), 6.88 (2H, d), 5.96 (2H, s), 4.77 (2H, s).

Formulation Examplc 1

The following components were admixed in conventional
mcthod and punched out to obtain 100 tablets cach contain-
ing 50 mg of active ingredient.

2-(1-Iwmidazolyl)-4-{2-(2-hydroxyethoxy)cthylJamino- 50 g
5-(3-mcthoxyphenyl)-methylpyrimidine

cellulose calcium glycolate 02g
(disintegrating agent)

magunesium stcarate 0.1g
(lubricaling agent)

micro crystalline cellulose 47 g

What is claimed is:
1. A 4-aminopyrimidine derivative of the formula

Y —R? (1)

(Ra—A) —

wherein A is a bond, C,_, alkylene or C, , oxyalkylenc;

Y is a bond, C, , alkylenc, C,_, alkylencoxy, C, 4 alkox-
yphcnylene or phenyl(C, _,4)alkylene;

Z. is a bond or vinylenc;

R! is a heterocyclic ring sclected from the group consist-
ing of pyrmrole, pyridinge, azcpine, imidazolc, pyrazole,
pyrimidine, pyrazine, pyridazinc, bcnzimidazole,
quinoling, isoquinolinc and partially or [ully saturated
rings thercof;

R” is
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(i) a heterocyclic ring selected from the group consist-
ing of pyrrole, pyridine, azepine, 1midazole, pyra-
zole, pyrimidine, pyrazine, pyridazine, benzimida-
zole, quinoline, isoquinoline, furan, pyran, dioxole,
dioxine, benzofuran, benzopyran, benzodioxole,
benzodioxine, thiophene, thioine, benzothiophene,
benzothione and partially or fully saturated rings
thereof,

(i1) C,_,s carbocyclic ring,

(ii1) C,_, alkoxy,

(iv) hydroxy(C,_, alkoxy), or

(v) hydroxy;

with the proviso that:
when R* is pyridine or pyridine substituted by one or

two of C,_, alkyl,

C,_.. alkoxy, halogen, trifluoromethyl or nitro then R*
is a member selected only from the group con-
sisting of benzodioxole or benzodioxole substi-
tuted by one or two of C,_, alkyl, C,_, alkoxy,
halogen, trifluoromethyl, nitro or a group of the
formula:

—COOR™

wherein R'° is hydrogen or C,_, alkyl, and
hydroxy(C,_, alkoxy);
R? is '
(1) a heterocyclic ring selected from the group consist-
ing of pyrrole, pyridine, azepine, imidazole, pyra-
zole, pyrimidine, pyrazine, pyridazine, benzimida-
zole, quinoline, isoquinoline, furan, pyran,
benzofuran, benzopyran, thiophene, thioine, ben-
zothiophene, benzothione, thiazole, isothiazole, thi-
azine, benzothiazole, benzoisothiazole, benzothiaz-
ine and partially or fully saturated rings thereof,
(i1) C,_,5 carbocyclic ring,
(1i1) a group of formula:

CH,==CH(X)—

wherein X 1s halogen, or
(iv) hydrogen,

l11s 1 or 2,

with the proviso that:
the ring represented by R* may be substituted by one or
two of C,_, alkyl, C,_, alkoxy, halogen, trifluorom-
ethyl or nitro;
the ring represented by R* may be substituted by one or
two of C,_, alkyl, C,_, alkoxy, halogen, triftuorom-
ethyl, nitro or a group of the formula:

—COOR'°

wherein R'° is hydrogen or C,_, alkyl, and the ring
represented by R® may be substituted by one or two
of C,_, alkyl, C,_, alkoxy, halogen, trifluoromethyl,
nitro, cyano, ethynyl or a group of the formula:

—SONRR®

wherein R’ and R® are independently hydrogen or C,_,
alkyl, and with the proviso that:

R? is not hydroxy when Y is a bond; and
R' is not bonded through its nitrogen ator
vinylene,

or pharmaceutically acceptable acid addition salts thereof
or pharmaceutically acceptable salts thereof.

2. A compound according to claim 1, wherein R' is a

heterocyclic ring selected from the group consisting of

when Z 18
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pyrrole, pyridine, azepine, quinoline, isoquinoline and par-
tially or fully saturated rings thereof.

3. A compound according to claim 1, wherein R1 1s
imidazole.

4. A compound according to claim 1, wherein RI1 1is
benzimidazole.

5. A compound according to claim 1, wherein R1 18
pyridine.

6. A compound according to claim 1, wherein R* is a
heterocyclic ring selected from the group consisting of

pyrrole, pyridine, azepine, imidazole, pyrazole, pyrimidine,
pyrazine, pyridazine, benzimidazole, quinoling, 1soquino-
line and partially or fully saturated rings thereof.

7. A compound according to claim 1, wherein R2 is
pyridine.

8. A compound according to claim 1, wherein R2 is
benzimidazoie. |

9. A compound according to claim 1, wherein R2 1s
imidazole.

10. A compound according to claim 1, wherein R* is a
heterocyclic ring selected from the group consisting of
furan, pyran, dioxole, dioxine, benzofuran, benzopyran,
benzodioxole, benzodioxine and partially or fully saturated
rings thereof.

11. A cot
furan.

12. A compound according to claim 1, wherein R2 is
1,3-dioxaindan.

13. A compound according to claim 1, wherein R is a
heterocyclic ring selected from the group consisting of
thiophene, thioine, benzothiophene, benzothione and par-
tially or fully saturated rings thereof.

14. A compound according to claim 1, wherein R2 1s
thiophene.

15. A compound according to claim 1, wherein R2 is
C4-15 carbocyclic ring.

16. A compound according to claim 1, wherein R2 is
benzene.

17. A compound according to claim 1, wherein R2 is
naphthalene.

18. A compound according to claim 1, wherein R21s C14
alkoxy.

19. A compound according to claim 1, wherein R2 1is
hydroxy(C1—4)alkoxy.

20. A compound according to claim 1, wherein R2 1s
hydroxy.

21. A compound according to claim 1, wherein R” is a
heterocyclic ring selected from the group consisting of
pyrrole, pyridine, azepine, imidazole, pyrazole, pyrimidine,
pyrazine, pyridazine, benzimidazole, quinoline, isoquino-
line and partially or fully saturated rings thereof.

22. A compound according to claim 1, wherein R3 is
pyridine. |

23. A compound according to claim 1, wherein R3 is
imidazole.

24. A compound according to claim 1, wherein R> is a
heterocyclic ring selected from the group consisting of
furan, pyran, benzofuran, benzopyran and partially or fully
saturated rings thereof.

25. A compound according to claim 1, wherein R3 1s
furan.

26. A compound according to claim 1, wherein R° is a
heterocyclic ring selected from the group consisting of
thiophene, thioine, benzothiophene, benzothione and par-
tially or fully saturated rings thereof. |

27. A compound according to claim 1, wherein R3 i1s
thiophene.

pound according to claam 1, wherein R2 1s
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28. A compound according to claim 1, wherein R3 is
benzthiophence.

29. A compound according to claim 1, wherein R? is a
heterocyclic ring selected from the group consisting of
thiazole, isothiazole, thiazine, benzothiazole, benzoisothia- 5
zole, benzothiazine and partially or {ully saturated rings
thereof.

30. A compound according to claim 1, whercin R3 1s
thiazolc.

31. A compound according to claim 1, wherein R3 is 10
C4-15 carbocyclic ring.

32. A compound according to claim 1, wherein R3 is
benzenc.

33. A compound according to claim 1, wherein R3 is
naphthalene. 15
34. A compound according to claim 1, wherein R3 is a

group of formula:

CH2==CH(X)—
: : 20
wherein X 1s halogen.
35. A compound according to claim 1, whercin R3-A- 1s
hydrogen or C1-4 alkyl.
36. A compound according to claim 1, which is:
2-(1-Imidazolyl)-4-[2-(2-hydroxycthoxy)cthyl [amino-5-(3
-methoxyphenyl)methylpyrimidinc,
2-(1-Imidazolyl)-4-phenylmethylaminopyrimidine,
2-(1-Imidazolyl)-4-(2-methoxyethyl)aminopyrimidinc,
2-(1-Imidazolyl)-5-ethyl-4-phenylmethylaminopyrimidine,
2-(1-Imidazolyl)-5-phenylmethyl-4-phenylmethylaminopy-
rimiding,
2-(1-Imidazolyl)-5-methyl-4-phenylmethylaminopyrimi-
dine,
2-(1-Imidazolyl)-5,6-dimcthyl-4-phenylmethylaminopyri-
midine,
2-(1-Imidazolyl)-5-(3-methoxyphenyl)methyl-4-(2-meth-
oxycthyl)aminopyrimidinc,
2-(1-Imidazolyl)-5-(4-methoxyphenyl)mcthyl-4-[2-(2-hy-
droxyethoxy)cthyl]Jaminopyrimidinc,
2-(1-Imidazolyl)-5- (4-mcth0xyphcnyl)mcthyl 4-(2-mcth-
oxyethyl)aminopyrimidine or
2-(1-Imidazolyl)-5-(4-methoxyphenyl)methyl-4-phenylm-
ethylaminopyrimidine.
2-(1-Imidazolyl)-5-phenoxymethyl-4-phenylmethylami-
nopyrimidine,
2-(1-Imidazolyl)-5-(1-Imidazolyl)mcthyl-4-phenylmethy-
laminopyrimidine,
2-(1-Imidazolyl)-5-(1-chlorovinyl)-4-phcnylmethylami-
nopyrimidinc,
2-(1-Imidazolyl)-5-(2-thienyl)-4-phcnylmethylaminopyri-
midine,
2-(1-Imidazolyl)-5-(2-thiazolyi)-4-phcnylmethylaminopyri-
midine,
2-(1-Imidazolyl)-5-(2-thienyl)-4-(1,3-dioxaindan-5-yl)m-
ethylaminopyrimidine,
2-(1-Imidazolyl)-5-(2-thienyl)-4-[2-(2-hydroxycthoxy-
)ethyljJaminopyrimidine,
2-(1-Imidazolyl)-5-(2-thienyl)-4-(1-naphthyl)methylami-
nopyrimidine,
2-(1-Imidazolyl)-5-(2-thienyl)-4-(4-mcthoxyphenyl)methy-
laminopyrimidine,
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2-(1-Imidazolyl)-5-(2-thicnyl)-4-(3-methoxyphenyl)methy-
laminopyrimidinc,
2-(1-Imidazolyl)-5-(2-thicnyl)-4-(2-[uryl)mcthylaminopyri-
miding,
2-(1-Imidazolyl)-5-(2-thicnyl)-4-(2-thicnyl)methylami-
nopyrimiding,
2-(1-Imidazolyl)-5-(2-thicnyl)-4-(3-pyridyl ) mcthylami-
nopyrimiding,
2-(1-Imidazolyl)-5-(2-thicnyl)-4-(2-mcthoxycthyl)ami-
nopyrimidinc,
2-(1-Imidazolyl)-5-(2-thicnyl)-4-phenylmethoxyaminopyri-
midinc,
2-(1-Imidazolyl)-5-(2-thicnyl)-4-(4-chlorophenyl)methy-
laminopyrimidine,
2-(1-Imidazolyl)-5-(2-thicnyl)-4-(3-chlorophcnyl)mcethy-
laminopyrimidine,
2-(1-Imidazolyl)-5-(2-thicnyl)-4-(1,3-dioxaindan-5-yl)m-
cthylaminopyrimidinc,
2-(1-Imidazolyl)-5-(4-methylphenyl)-4-(1,3-dioxaindan-
5-yl)methylaminopyrimidine,
2-(1-Imidazolyl)-5-(4-mcthoxyphenyl)-4-(1,3-dioxaindan-
5-yl)methylaminopyrimidine,
2-(1-Imidazolyl)-5-(5-methyl-2-thicnyl)-4-(  1,3-dioxain-
dan-5-yDmcthylaminopyrimidine,
2-(1-Imidazolyl)-5-(2-thicnyl)-4-[4-( 1-imidazolyl)phenyl]
mcthylaminopyrimidine,
2-(1-Imidazolyl)-5-(3-pyridyl)-4-(1,3-dioxaindan-  3-yl)m-
cthylaminopyrimidinc,
2-(1-Imidazolyl)-5-(3-luryl)-4-(1,3-dioxaindan-5-yl)mcthy-
laminopyrimidinc,
2-(1-Imidazolyl)-5-(3-pyridyl)-4-phenylmethylaminopyri-
midinc,
2-(1-Imidazolyl)-5-(4-chlorophenyl)-4-(1,3-dioxaindan-5-
yl)mcthylaminopyrimidine,
2-(Benzimidazol-1-yl)-5-(2-thienyl)-4-(1,3-dioxaindan-5-
yl)mcthylaminopyrimidine,
2-(1-lmidazolyl)-5-(2-thicnyl)-4-(4-cthoxycarbonylphcnyl-
ymcthylaminopyrimiding,
2-(1-Imidazolyl)-5-(2-naphthyl)-4-(1,3-dioxaindan-5-yl)m-
cthylaminopyrimidine,
2-(3-Pyridyl)-5-(2-thicnyl)-4-(1,3-dioxaindan-5-yl)mcthy-
laminopyrimidinc,
2-[2-(3-Pyridyl)vinyl]-5-(2-thicnyl)-4-(1,3-dioxaindan-5-
yl)methylaminopyrimidine,
2-(2-Mcthyl-1-Imidazolyl)-5-(2-thienyl)-4-(1,3-dioxain-
dan-5-yl)methylaminopyrimidine or
2-(1-Imidazolyl)-5-(2-thicnyl)-4-(benzimidazol-5-yl)m-
cthylaminopyrimidine.

37. A pharmaccutical composition which compriscs, as
activc ingredicnt, an cilective amount of a compound of the
formula (I) depicted in claim 1 or pharmaccuiically accept-
able acid addition salts thercof or pharmaccutically accept-
able salts thercof, with pharmaccutical carrier or coating,

38. A mcthod for the prevention and/or the treatment of
thrombosis, arteriosclerosis, ischemic heart discascs, gastric
ulcer or hypertension, which comprises the administration of
an cllective amount of a compound of the formula (I)
depicted in claim 1 or pharmaccutically acceptable salts
thercof.,
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